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INTRODUCTION 

In order t o  d e a l  i n t e l l i g e n t l y  with c e r t a i n  problems of 
raintenance of channels i n  erodible mater ia ls ,  i t  i s  important t o  
know what shape and dimensions a channel should have in order t o  
avoid changes of cross  sect ion due t o  scour or  sed.iment deposition. 
A knowledge of s t ab le  shapes f inds  app l ica t ion  t o  the  problem of 
designing canals i n  ea r th  and t o  t h e  problems of r i v e r  regimen. 
The computations of s t a b l e  shape pa t t e rns  described herein have 
been made a t  t h e  request  of M r .  E. W. Lane who has a l so  l a i d  down 
the bas i s  f o r  t he  computations. 

BASIS OF COMPUTATIONS 

The problem of f inding a s t a b l e  channel shape is here 
based on the  following assumptions: 

a. The p a r t i c l e  i s  held againat  t h e  bed by the  component 
of the  submerged weight of the  p a r t i c l e  ac t ing  normal t o  t h e  bed. 

b. A t  t h e  edge of t he  stream the  pa r t i c l e s  a re  at t h e  
angle of repose under the  act ion of gravity.  

c. A t  t h e  cen te r  of the  stream the  drag force  .of t he  
flowing water holds t h e  pa r t i c l e s  a t  t h e  point  of inc ip ien t  
i n s t a b i l i t y .  

d. A t  points  between t he  edge and t h e  center  t h e  p a r t i c l e s  
a r e  held a t  t he  point  of inc ip ien t  i n s t a b i l i t y  by the  r e su l t an t  
of  the g r av i t y  component of t he  pa r t i c l e ' s  submerged weight and 
t h e  drag force  of t h e  flowing water. 



have been ueed as follow$: 

e. The drag force act ing on an area of the bed of the  
etream i s  produced by the  component of the  weight of the  water 
d i r ec t ly  above the  area, which ac t s  i n  the 'd i rec t ion  of flow. 
This component is equal t o  the! above weight multiplied by the 
s t r e m  gradient. 

f .  The drag force acting on a pa r t i c l e  is proportional 
t o  the  square of the  mean velocity In  the  stretun a t  the  point 
where the pa r t i c l e  is located. 

Use of assumption (e) permits a simpler treatment than i s  possible 
with assumption ( f )  but does not permit the  l a t e r a l  t ranafer  of drag 
due t o  velocity gradients i n  the  horizontal  direction t o  be taken 
into  account. This factor  can be included i n  the  computations when 
assumption ( f )  is used. 

NOTAT ION 

A represents the  cross sect ional  area of the  chamel  

C, Chezy's coeff ic ient  

D, depth of an i n f i n i t e l y  wide channel 

f, longit3dinal slope or  f r i c t i o n  elope 

m, fac tor  of proportionali ty 

n, coeff ic ient  of roughness 

P, perimeter 

Q, quantity of flow (cubic f t / sec)  

q,  drag force on a surface of a lamina of un i t  length 

r - &,the hydraulic radius 
, 

P 

S = tan 8 ,  the transverse slope a t  the  outer  edge of 
the channel 



V, mean velocity.of the lamina at a distance x from 
the center of a channel 

Vc, mean velocity of the flow in an infinitely wide 
channel of depth D = yo 

V,, mean velocity of the flow in a channel of ,finite width 
and of depth yo 

Vo, mean velocity of the lamina at the center of a channel 

W, submerged weight of a particle 

x, distance measured horizontally from the center of a 
channel 

y, depth of a channel at the distance x from the 
center; or, in the evaluation of m, y represents 
the distance from the top of $he channel of dept2n D 
to a horizontal lamina of thickness dy 

yo, dep%h of a channel at the center 

a, a variable 

8, angle of repose for the material 

X ! = -  
Yo 

p, density of water 

7 ,  an average drag force 

7, maximum allowable drag force for soil in lb/ft 2 

1, angle the tangent at x make6 with the horizontal 



The type of s t a b l e  channel studied herein has t h e  property 
t h a t  a l l  t h e  p a r t i c l e s  of i t s  bed a re  i n  a s t a t e  of inc ip ien t  i n s t a b i l i t y  
under t he  act ion of t h e  forces  ac t ing on them. A t  t he  edge t h e  drag 
force  i s  zero; and i nc ip i en t  i n s t a b i l i t y  i s  due t o  t he  fo rce  of g rav i ty  . 

act ing on pa r t i c l e s  r e s t i ng  on the  slope S, which i s  zt t h e  angle of 
repose. A t  t h i s  point t h e  r a t i o  of t he  component of fo rce  down the  
slope t 3  t he  component normal t o  t he  slope i s  S. A t  t he  n idd le  of 
the  channel, where the  slope & i s  zero, the  pa r t i c l e s  a re  held i n  

dx 
t h e  s t a t e  of inc ip ien t  i n s t a b i l i t y  by t he  drag force  of t h e  flowing 
water. I n  t h i s  case, a l so ,  the  r a t i o  of t h e  fo rce  along t he  bed t o  
t he  fo rce  act ing on the  p a r t i c l e  i n  t h e  d i rec t ion  normal t o  t h e  bed 
i s  S. A t  a l l  o ther  points  t h e  r e s u l t m t  of t he  drag force  and the  
g rav i ta t iona l  component along t h e  bed e c t  on the  pa r t i c l e ,  and the  
r a t i o  of t h i s  r esu l t an t  t o  the  g rav i ta t iona l  force  compnent nomal 
t o  t h e  bed nust a l so  be S. These r e l a t i ons  may be expressed nathe- 
~ a t i c a l l y  i n  t h e  following way. I f  W represents the  submerged 
weight of t he  pa r t i c l e ,  then, with t he  nota t ion of Figure 1, the  
force  component normal t o  the  bed i s  W cos g. The g rav i ta t iona l  
component along t h e  bed i s  ?J s i n  $ and t he  drag force  of t h e  
flowing wzter per uni t  of area of t h e  bed i s  

Then t he  requirement t h a t  t he  condition of incipient  i n s t a b i l i t y  
shal.1 p reva i l  everywhere i s  

Since 

This re la t ion  can be put i n  t he  form 



A solution of t h i s  d i f f e ren t i a l  equation which s a t i s f i e s  the 
condition that y = yo when x = 0 16 

Then it m a ~ l  be concluded tha t  a slmple corine curve r e p m r e ~ t s  
the ahape of a stable  channel under the  condition6 specified in. 
assumption ( 0 ) .  

STABLE CHAlOllEL W I T H  k DRAG FORCE PROPOKTIOHAL TO TBE SQUARE 
OF THE neLOCI!l'Y Am) 10 LCLTERAt TRIVISFW OF DRAG 

I n  t h i s  case the  drag force term i r  assunred t o  have the  
ram: 

where V re!presents the mean velocity i n  the  stream at the  
distance x f r o m  the  center,and V  represent^ the mean velocity 
a t  t he  center. Then the condition ?hat the par t ic les  everywhere be 
oh the  verge of motion is: 

ar ~ u t  since t& $ = dx 



I n  order t o  obtain an expression f o r  the  velocities,we may apply the 
Chezy f o r m l a  

v = c- * ( 7 )  A 

t o  compute the  flow through an element such as  the  shaded element of 
Figure 1. Since the  assumption of no l a t e r a l  t r a n s f e r  of drag is 
equivalent  to an sssumption of no drag forces  on t he  s ides  of t he  
element, the  hydraulic radius r may be computed by dividing t he  area 
of the  element ydx by the  length of bed in contact  with its base. 
This length i s  

Then 

and from (7) .. 

Since 

then, by divis ion 



t This is  iden t ica l  with Equation (2 )  and, of course, has t he  same 
solution,  namely: 

* 

It  may be concluded therefore ,  t h a t  i f  t h e  l a t e r a l  t r an s f e r  of  drag 
is  neglected, both assumptions ( e )  and ( f )  lead t c  the  same shape f o r  
t he  s teb le  channel. If t h i s  seems surpr is ing,  it should be reca l l ed  
t h a t  t he  Chezy fornula i t s e l f  is  derived by equating a f r i c t i o n a l  
drag force proport ional  t o  t he  square of t h e  veloci ty  t o  the  
component of t he  weight of t he  water ac t ing  i n  t he  d i rec t ion  of flow. 
Therefore, i f  the  Chezy r e l a t i on  is used with t he  above r e s t r i c t i o n s  
t o  determine t h e  r e l a t i on  between ve loc i ty  and drag, assumptions ( e )  
snd ( f )  become ident ica l .  

STABLE CHANPIEL SIIAPE WITH LATERAL DRAG TRANSFER ACCOUNTED FOR 

Before the  e f f e c t  of l a t e r a l  drag t r an s f e r  can' be introduced 
i n to  the  equations, it v i l l  be necessary t o  develop some means of 
computing it. In  the  present case it w i l l  be assumed t h a t  the  sheer 
force act ing on any sect ion through t he  stream is proport ional  t o  the  
gradient of t h e  equare of the  velocity.  The f ac to r  of pr9portionalitty, 
here ca l l ed  m, w i l l  be determined by computing t h e  mean veloci ty  
i n  an i n f i n i t e l y  wide channel according t o  these  r e l a t i ons  crnd then 
determining t he  f ac to r  m by comparison with the  Chezy formula. The 
modifications needed t o  introduce the  e f f e c t  of  l a t e r a l  drag t r an s f e r  
can be made a s  soon a s  t he  fac to r  m is  evaluated. The d e t a i l  of 
the  evaluation of m is a s  follows: 

In a channel of depth D and having a f r i c t i o n  slope f ,  such a s  
a is shown i n  Figure 2, the  shear on a un i t  area  of t he  plane at  a 

distance y below the  top is  



- .-- - - ., 
g rav i t a t  iona l  componeirt- ac t ing  on the  volume included between unit 
areas  of the  planes y and y + dy i s  

where p represents the  weight of a un i t  volume of water. Then i f  
t h i s  g rav i ta t iona l  comp~nent i s  t o  be held i n  balance by the  Sif ference 
between the  drag forces on the  top  and bottom of the  ezement: 

I n  s e t t i n g  up t h i s  expression,forces i n  the  downstream d i r ec t i on  have 
been considered posi t ive .  By in tegrat ion 

and 

where Cl and C2 are  constants. 

fD2 
C1 = 0 and c2 =+ 

Hence 



The mean velocity i s  
D 

v,,,'; + Jvay - [% --$* k i n - '  2 r D 
0 Q* 0 

A rearrangement which w i l l  permit a comparison with the Chezy Zornrule 
i s  

For t h i s  case Chezy's f o m l a  has the form: 

Then by compariaon - 

and it follows that:  

It will now be possible t o  modify Eqcation (9) by adding 
t o  the or iginal  gravitation driving force the  difference of t he  
f r i c t i o n a l  drag forces on the two sides of the shaded element of 
Figure 1. The drag force acting on the side of the shaded element 
nearest t o  the center of the channel is, f o r  a un i t  length of channel, 



negative. Under the same conditions the force on the side awarfrorn 
the origin i s  given by a similar expression,but here the force ac ts  
upstream. The difference between the two forces i s  

Modification of   qua ti on (9) will be most easi ly made i f  th i s  
difference i s  expressed in terms of an  equivaient cRannel gradient. 
TO do t h i s  eat  

Then 

and the equation as modified t o  account for the l a t e ra l  transfer of 
drag becomes 

Since 



To put t h i s  eacpression in to  dimensionless form l e t  

and since 
2 

m - fY07/  
32~2 

then 

The complicated nature of t h i s  expression would make it d i f f i c u l t  t c  
obtain a d i r ec t  solution by integrating the d i f f e r e n t i a l  equation 
which might be obtained by eliminating the r a t i o  of & between this " 0 
equation and Equation (6). A trial method of solution will therefort! 
be adopted ins te  . By t h i s  process a t r i a l  prof i le  w i l l  be chosen 
and the ill be computed for  It from both the Drag Relation 

Va 
of Equation (6)-and the  Modified Chezy Relstion of Equation (29). It 
w i l l  be considered that a sat isfactory solution has Seen obtained whel 
the two curves agree closely. An interest ing feature  of8Equcbtion ( 2 9 ,  
is  tha t  the quanti ty m does not occur i n  it. This Indicates t h a t  t l b  
s table  shape w i l l  fix a value-for the ra t io&) Thia abspe will aleo 

vc 
be independent of 8 ize  . 



then 



The'computations i n  the  tab les  at the end of t h i s  report 
are  those used t o  obtain Beta i o r  the  curves shovn on Figures 3 
through 7. They c o ~ ~ s i s t  of t he  development of the  r a t i o s  of the  
mean velocity of the  lamina a t  the  distance x from the center of 
the channel t o  the  mean velocity a t  the  center f o r  vmious top widths 

% and transverse elopes. The procedure followed i n  d i n g  these calcu- 
l a t i o n ~  waa t o  assume a value of & f o r  each value of S and t o  

"0 

9 determine the r a t i o  of !!- from the  Drag Relation and from the  
vo 

Modified Chezy Relation. When close agreement. between the  two curves 
was obtained, a sat isfactory aolution of Equation (29) was assumed t o  
have been attained. I n  computing the values of from the Modified 5 
Chezy Relation, it was necessary t o  choose a value f o r  the  constant 

which would make the curve agree w i t h  the one obtained from the + 
Drag Relation, If agreement waa not obtained, it was necessary t o  
choose a new value of 8 and make a new s e t  of calculations.  

Yo 

It was found tha t  t he  curvee could be made t o  agree qui te  
c losely although a was allowed t o  vary a great deal. Consequently, 

yo 
the greates t  source of error  was in  choosing the value of a It i s  ST' 

0 e believed tha t  by careful adjustment of - the curves could be msde 
Yo 

t o  coincide s t i l l  more closely; hovever, the  agreement shovn i n  t h i s  
s e t  of curvee I s  a8 close as i s  warranted by the approximatione used 
in  t h e  development of these equations. 

It may be noted t h a t  the  solutions obtained by the 
modification fo r  l a t e r a l  t ransfer  of drag agree vtxy closely with ' ,  

the cosine solution. Since t h i s  i s  the  case, the use of the cooinc 
solution may give equally se t i s fac tory  r e su l t s  w i t h  conoiderebly 
less  work. 

The range of transverse slope covered by t h i s  s e t  of 
J curves is from S m 0.3 t o  3 = 1.0. 



A ' 0  yo 
2' and Q as iohlowee 

Yo 

a - 
2 

vm 2Yo - = -  - 0 .  (38) 
vo A 



of a problem by t h i e  method. This i e  because the  concept of the  
wetted perimeter and t he  hydraulic radius i e  not 'in agreement with 
t he  drag d i s t r i bu t l on  aesmed i n  t h i s  eolution,  However, t he  curve 
i e  insertxed t o  permit a comparison of r e s u l t s  obtained by t h i s  
method with e lmilar  r e s u l t s  obtained from the  ordinary formulae 

b of hydraulics. 

The procedure involved i n  the  design of a s t ab l e  channel 
can best be i l l u s t r a t e d  by the  solut ion of an e x m ' l e .  

For the  ?a r t i cu l a r  ty-pe of s o i l  through which t he  channel 
w i l l  run, the  engineer w i l l  knov o r  w i l l  be ab le  t o  determine ce r t a i n  
physical characteristics on which t o  base hie  deeign. It w i l l  be 
necessary t o  knov the  angle of repose of t he  s o i l  and the  maximum 
allowable drag force.  An appropriate coef f i c ien t  of roughness can 
be found i n  hydraulics tables ,  and t h e  longi tudinal  slope on which 
t he  channel w i l l  run w i l l  be a predetermined factor .  With these  
values speci f ied ,  the  quanti ty of water which the  s tab le  channel 
w i l l  car ry  w i l l  be a f ixed value. Since it i s  des i rable  t o  speci fy  
the  amount of water t o  be carried by t h e  channel, it i e  neceseary 
t o  have some method of modifying t he  s t ab l e  channel shape t o  increase 
o r  decrease t he  flow. If the  des i red f l ov  i a  greater  than the  s t a b l e  
channel shape would carry,  it is proposed t o  i n s e r t  a rectangular  
section a t  the  center;  and i f  the  flow is t o  be l e e s  than the  s t ab l e  
channel shape would carry,  then a port ion vould be removed from the  
center .  The port lon t o  be removed i n  the  l a t t e r  case is e a s i l y  
determined by use of Figure 12. 

The conditions aesumed f o r  t he  design of t h i s  pa r t i cu l a r  
channel are: 

a. The tangent of t he  angle of repose of t he  s o i l  is  0.6 
(S 1 0.6). 

. The mater ia l  through which t h e  channel is  t o  run w i l l  
stand a drag force of 0.1 pound per square foo t  ( y  = 0.1). 

c -  The longitudinal  elope of 'the channel w i l l  be 0.0004 
( f  = 0.0004). 

d .  A reasonable value f o r  t he  coef f i c ien t  of roughnese 
would be n 0.020. 



uni t  of  area of the  bed would be =ffD-and tb.8 veiocity would 
be Vc. A t  the center of a s t t b l e  channel, of equal depth, the  
l a t e r a l  t ransfer  of drag reduce8 the  velocity from V, t o  Vo and 
the  drag re la t ion  there  becomes 

An expression f o r  the  center depth can then be obtained,from the 
above re la t ion  i n  the  form 

"0 For the  present case the upper curve of Figure 9 gives - - 0.983. 
Then vc 

0.1 
Yo - 4.146 f e e t  

(62.4) (0.0004) (0 .983)~  s 

For an in f in i t e ly  wide channel the following rela t ion 

md fo r  the  conditions- assumed above the value of C = 94.4 i e  
obtained from hydraulic tables.  

Then 



Then 

m 1- 0.869 and m 0.983 v 
0 r 

From Figure 8 

Then since Q a AVm 

From Figure 8 the  value of is  found t o  be 5.38, bo t h a t  the  
yo 

top width of the s table  channel is 5.38 yo or  (5.38)(4.146) = 22-30. 
Having now obtained the top width and the  center  depth of the 'e tab le  
channel, it rcmaine only t o  obtain the x and y coordinates of 
the channel bed. This is readi ly  done by making use of Figure 11. 
For a transverse slope of S = 0.6 the  fo,llowfng valuee of X 

yo 
and are obtained and the values of r and y are  calculated. 

Yo 



I f  the channel is to carry lesa than the stable channel 
w i l l  carry, it i s  necessary to  remove a portion of the channel. 
Suppose the channel i s  t o  carry 75 ft3/sec. Then the ra t io  of 
Q t o  % i s  75 or  0.389. From Figure 12 the value of 5- 192.83 a 
4s found t o  be 0.369, that  i s ,  36.9 percent of the top width is t o  
be removed from the center of the channel. The modified section 
with a top width of 14.07 feet  i s  shown on Figure 13. 

I f  the channel is  t o  carry more than the stable channel 
w i l l  carry, it i s  necessary t o  add a rectangular section a t  the 
zenter. Assume that  it is desired for the channel t o  carry 
300 ft3/sec, then the amount t o  be carried by the center section 
is 300 - 192.83 or 107.17 ft3/sec. The mean velocity of the flow 
in an inf ini tely wide channel of depth yo i s  Vc,which wae 

determined t o  be 3.844 ft3/aec in t h i s  case. For a center dep h 

4 
4 of 4.146 fe  t each foot of wldth would carry (4.146) (3.844) ft /see 

or 15.94 f t  /sec. The necessary width of the center section vopld 
then be 107w17 or 6.72 feet .  15.94 

It should be noted that  there i s  a discrepancy between 
the velocity of the center section and the maximum velocity of the 
stable section. This discrepancy is relat ively unimportant, however, 
since the difference is less  than 2 percent of the maximum velocity 
for the center section; and, the l a t e ra l  transfer of drag being 
small, the velocity a t  the edge of the center section would soon 
reach i t s  maximum value a t  points nearer the center. The modified 
section w i t h  a top width of 29.02 feet  i s  shown on Figure 13. 



i n  these channels car r ies  sed.iment-of the  type coming from s o i l  
through whieh the channels run, it could be expected tha t  the! 
channels a8 designed would neither scour nor silt up, However, 
i f  c lear  water i e  t o  be carried,  these channels would be stable  
for. any slope lees  than 0.0004. 

(3 The fundamental principles on which t h i s  work is bmed 
were l a id  down by M r .  E. W. Lane. T h i ~  analyeis ha8 profi ted by 
the  previoue work of Mr. R. G. Conard who made many computations 
of the type shoom i n  the tablee and who eucceeded i n  obtaining 8 

close agreement between the Modified Chezy a d  D r q  re la t ions 
before he l e f t  the Bureau. The t ab les  shown herein and the  
Figure8 3 t o  7, inclusive, represent s fur ther  refinement of 
Mr. Conard's work by Mr. Florey. 



Slope = 0.3 



Slope = 0.3 

(%I = 5.5 
Yo 



Slope = 0.3 6 = - .038843 
(5) = 5.5 p = .00019124 (12) 
yo rn 
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.4: -16: .064: .0256: -.00621:.000005: .99379: -.03107:' .00005 : -.03102:.00096: .98933 : .98838 
.8: .64: .512: .4096: -.024€!6: .moo8 : ,97522: -.06215: .om39 : - .06176: .0030i: .95766 : $5402 
1.2: 1.44: 1.728: 2.0736: -.05593:.00040: .94447: -.09322: .00132 : -.Ogl9O:.OO844: .go621 : .@%2 
1.6: 2.56: 4.096: 6.5536: -,0g944:.00125 : .90181: '-~2429: .00313 : -.12116:.01468: .836g7 : .&476 
2 .O: 4.00: 8.000: 16.0000: -.15537: .Q0306 : .84769: - .15',37: . d l 2  : - .14925: .02228: .75242 : .73602 

-+2.4: 5.76: 13.824: 33.1776: -.22374:.00634 : .78260: -.18644: .01057 : -.17587:.03093: .65630 : .63661 
2.8: 7.84: 21.452: 61.4656: -.30453:.01175 : .70722: -.21751: .01679 : -.20072:.&029: .55229 : .53090 
3.2: 10.24: 32.768: 104.8576: - .39775: .02005 : .62230: - ,24858: .02507 : - .22351: .&m: .44483 : ,42366 
3.6: 12.96: 46.656: 167.9616: -.50340: .03212 : .52872: - -27966: .03569 : -24397: .05952: .33860 : .31958 
4.0: 16.00: 64.000:256.0000: m.62149: .04896 : .42747: -.31073: .04896 : -26177: .06852: .23859 : .22329 
4.4:19.36: 85.184:374.8096: -.75208:.07168 : .31968: -.34180: .06516 : -.27664:.07653: ,14958 : .13895 
4.8:23.04:110.592:530.8416: -.89494:.10152: .20658: -.37288: .08460: -.28828:.08310: .07658 . :  .07070 
5.2:27.04:140.608:731.1616:-~05030:.13983 : ,08953: -.40395: .lo756 : -.29639:.08785: .02379 : .02187 
5.5:30.25:166.375:9I5.0625:-1.175oO:.175oO: 0 : -.42726: .12727: -.29999:.08999: o : 0 







Table 5 



.u -- 
Table 6 (-) = 0.075 Pf 



slope = 0.80 ~ablfe 7 -- 
(L) = 2.0 
yo 

(1) : (2) : (3) : (4) : (5) : (6) : (7) : (8) : (9) : (10) : (11): (12) 
,ail- 
: (13) . 

2: 4 .  2 
(L];(L) Yo Yo ( q 3  Yo : (L) Yo &(L) I ; 9 # ( ~ ) ~ :  Yo : (L) Yo i2&) ibF(L)3;  (2) ;(9)2 :1 - L(Q)~; (6) 4 

: Yo : dx : s2 d~ 

0: 0 : 0 : 0 : , b : 0 :1.ooooo: 0 : 0 :  0 : 0 :1.00000 :1 .mOo 
.l: .01: .001: .0001: w.003 : 0 : .99700: -.& : .OO005 : -.05995:.00359: .99439 : .99083 
.2: .a: .008: .0016: - .012 : .OW02 : .98802: - .12 : .OW40 : - .11960: .01430: .97766 : .96388 
.3: .09: .027: .0081: -.O27 : . O O O l O :  .97310: -.I8 : -00135: -.17865:.03192: .95012 : ,92073 
.4: 1 6  .064: .0256: -.O48 : .00032 : .95232: - .24 : .00320 : -.23680: .05607: .91239 : .86395. 
.5: .25: .125: .0625: -.075 : .00078 : .92578: -.30 : .00625 : -.29375: .08629: .86517 : .79644 
.6: .36: .216: ~ 2 9 6 :  -.lo8 ~ 0 0 1 6 2 :  .89362: -.36 : .0108o: -.3k920:.12194: .80947 : .7214g 
.7: 9 .343: .2401: - .I47 : .0a300 : .85600: -.42 : .01715 : -.40285: ~ 6 2 2 9 :  .74642 : .64220 
.8: .64: .512: .4096: -.192 : ,00512 : .81312: -.48 : .02560 : -.454J+0: .20648: .67738 : .56145 
-9: .81: .729: .6561: e.243 : .00820 : .76520: -.54 : .03645 : -.50355: -25356: .60381 : .48168 

1.0: 1.00: 1.000: 1.0000: -.30 : .01250 : .71250: -.60 : .O5OOO : -.55000: .30250: .52734 : .4&&7 
1.1: 1.21: 1.331: 1.4641: -.363 : .01830 : .65530: -.66 : .06655 : -.59345: ~ 5 2 1 8 :  .44g2 : .3325g 
1.2: 1.44: 1.728: 2.0736: -.432 : .02592 : .59392: -.72 : .08640 : -.63360: .40i45: .37273 : .26596 . 
1.3: 1.69: 2.197: 2.8561: -.507 ~ 0 3 5 7 0 :  .52870: -.78 : .lo985 : -.67015:.44910: .29&8 : .20584 
1.4: 1.96: 2.744: 3.8416: -.588 :.04802: ,46002: -.84 : .13720: -.70280:.49393: .22823 : .I5277 
1.5: 2.25: 3.375: 5.0625: - .675 : -06328 : .38828: -.90 : .168'75 : - .73~5: .53473: .16448 : .lo717 
1.6: 2.56: 4.094: 6.5536: -.768 : .08192 : .31392: -.* : .20480 : -.75520:.57033: .lo886 : .06932 
1.7: 2.89: 4.913: 8.3521: -.867 :.10440: .23740:-1.02 : .24565 : -.77435:.59962: .06389 : .03944 
1.8: 3.24: 5.832: 10.h976: -.972 :.13122: .15922:-1.08 : -29160: -.78840:.62157: .W8& : ,01776 
1.9: 3.61: 6.859: 13.~j21:-1.083 :.16290: .w990:-1.14 : .34295 : -,.79705:.63529: .00736 : .Odc50 
2.0: 4.00: 8.000: l6.0000: -1.200 : 20000 : 0 :-1.20 : .40000 : -.80000:.64000: 0 0 . 





Table 9 
Slope = 1.0 













1 .o 

be- -Modified Chezy . 
.8 I B 

Drag 
Re la t ion -+*' 

.6 - 

! 

.4 - 
Slope = 0.8 
a -yo = 2.0 

v$ m I 
pf =0.020 

.2 

0 
0 .4 .8 1.2 1.6 2.0 2.4 X 

_I 2.8 

Yo 

FIGURE 6 

V 2 COMPARISON OF THE VALUES OF (ce) FOR THE DRAG 

RELATION AND THE MODIFIED CHEZY R E L A T I ~ N  









FIGURE 10 

P R O P E R T I E S  O F  STABLE CHANNELS 








